Meat inspection now incorporates a more risk-based approach for protecting human health 27 against meat-borne biological hazards. Official post-mortem meat inspection of pigs has 28 shifted to visual meat inspection. The official veterinarian decides on additional post-mortem 29 inspection procedures, such as incisions and palpations. The decision is based on declarations 30 in the food chain information (FCI), ante-mortem inspection and post-mortem inspection. 31
INTRODUCTION 55
Meat inspection has four major objectives: public health, animal health, animal welfare and 56 organoleptic meat quality (European Parliament and Council, 2004) . Besides public health 57 and animal health issues, meat is to be declared unfit for human consumption also if it 58
indicates patho-physiological changes, anomalies in consistency or organoleptic anomalies 59 (European Parliament and Council, 2004) . If the change is local, partial condemnation is done 60 and the abnormal tissue is removed by incision. 61
62
Meat inspection has been developed to incorporate a more risk-assessment based approach for 63 protecting human health against meat-borne biological hazards. In regards to the most 64 relevant pork-borne biological hazards of pig meat (Salmonella spp., Yersinia enterocolitica, 65
Trichinella spp. and Toxoplasma gondii), only Trichinella spp. are detectable within the 66 current post-mortem inspection (EFSA, 2011) . A comprehensive pork carcass safety 67 assurance system from farm to fork is needed to ensure the effective control of meat-borne 68 public health hazards, with the primary production stage playing an essential role in managing 69 these risks (EFSA, 2011) . which is used by the pig producers to make the declarations, which include the following: 105 1) any relevant health status data regarding the holding or the animals in question (for 106 example salmonellosis, trichinellosis, erysipelas, anthrax etc.), 107
2) any restrictions on the holding imposed by the authorities, 108
3) any drug residues or unauthorized substances detected in animals or at the holding 109 during the last year, 110 4) any pigs in the slaughter batch that have been treated with veterinary medicinal 111 products that have a withdrawal period within the three months prior to slaughter, 112 5) certain symptoms and signs detected in the slaughter batch (in detail in Table 1) , 113 6) anything else relevant considering slaughter, 114 7) contact information of the veterinary practitioner for the holding. 115
116
In Finland, the FCI forms are usually sent to the slaughterhouses electronically, and they do 117 not routinely include any ante-and post-mortem inspection data on previous batches of 118 animals that had originated from the same holding. Typically the slaughterhouses keep such 119 historical information in their own records, available to the OV (personal communication, 120
Elias Jukola). Farmers have access to the meat inspection data concerning their farm via 121
Sikava (Stakeholders health and welfare register for pig herds in Finland, www.sikava.fi). 122
123
The aims of this study were to assess the usability of the FCI provided by the pig holdings 124 that sent the animals for slaughter and to evaluate the possibility of risk ranking of incoming 125 slaughter batches according to the previous meat inspection data and the current FCI 126 statements. As the risk of condemnation is mostly related to animal health and meat quality 127 issues, serological testing were also included to emphasize the most relevant pork-borne 128 public health hazards. The associations between the current and the historical meat inspection 129 results, the FCI and the results from serological tests of slaughter batches of finishing pigs, 130 were analyzed. 131 132
MATERIALS AND METHODS 133

Data 134
Eighty five slaughter batches of fattening pigs comprising 8954 animals were randomly 135 selected at a slaughterhouse that receives animals from across 
Statistical analysis and assumptions 170
Associations between the variables derived from the collected data were analyzed using 171
Pearson correlation coefficients (r). Differences between mean values of groups were tested 172 using independent sample t-tests. The values of the t-tests were transformed using the arcus 173 sine of the square root transformation to achieve homogeneous variances and approximately 174 normal distributions. P-values <0.05 were considered to indicate statistical significance. 175
Linear regression analysis with different stepwise selection algorithms of previous meat 176 inspection reports and of current FCI that may indicate high condemnation rates in 177 forthcoming slaughter batches were used to reveal predictive factors. As batches with high 178 frequency of lesions need more profound inspection procedures, the partial condemnation rate 179 was assumed to be the best indicator in our study to reveal retrospectively, whether or not a 180 slaughter batch could have been suitable for visual meat inspection. The response variables in 181 the regression analyses were the partial condemnation rate, the organ condemnation rate and 182 the sum of the partial and total condemnation rate. Responses were transformed by using the 183 arcus sine of the square root transformation. The residuals had approximately a normal 184 distribution and homogenous variance due to this transformation. Regression models were 185 also estimated for untransformed responses using the regressors found in the stepwise 186 procedures. Analyses were computed using the analytical software package SPSS® Statistics 187
Version 22 (IBM Corp., New York, USA). The results from the scoring system and current 188 meat inspection were classified into a two-by-two contingency table. Sensitivity, specificity 189 and accuracy were calculated as corresponding descriptive test parameters. 190 The partial condemnation rate of the previous year was revealed as the most important 296 variable for predicting whether or not the current batch would have been suitable for visual 297 meat inspection. The regression analyses revealed the best predictors for the partial 298 condemnation rate of the batch were the partial condemnation rate of the previous year 299 (p<0.001) and the declared cough in the current FCI (p=0.02). Total condemnations were so 300 rare, that the predictors were also the same for the sum of the total and partial condemnation 301 rate. When the untransformed partial condemnation rate was predicted by the two best 302 predictors, the adjusted R 2 was 0.31, the regression coefficient of the partial condemnation 303 rate of the last year was 0.93 and the coefficient of the declared cough in the FCI was 4.5. 304
This means that for every additional percent in partial condemnation rate of the last year the 305 partial condemnation rate of the current batch increased by an average of 0.93 percent units 306 and that the predicted partial condemnation rate increased by 4.5 percent units if coughing 307 was reported in the slaughter batch. 308
309
The best predictor for the organ condemnation rate of the current batch was the organ 310 condemnation rate of the previous year (n=31, p=0.03). When the untransformed organ 311 condemnation rate was predicted by the best predictor, the adjusted R 2 was 0.15, regression 312 coefficient of the organ condemnation rate of the last year was 0.19. 313 314
Scoring 315
Two threshold limits were set to delineate categories, namely: e for visual meat 316
, which was to ease decision-317 making for the allocation of the slaughter batches in advance. The statistically significant 318 factors were the previous year´s partial condemnation rate (%) and the FCI regarding the 319 current slaughter batch declaring on occurrence of constant coughing during the three months 320 prior to slaughter. Threshold limits for scoring was calculated by using the 10-and 90 -deciles 321 from the previous year´s condemnation rates: 0 points for below the 10-decile, 1 point for 10-322 to 90-decile, and 2 points above the 90 decile. The declaration for a constant cough added 323 another two points. 324 325 (Table 3) were given a score of zero points, which indicated that they would 335 have been suitable for visual meat inspection. Analysis of the meat inspection reports for 336 these batches show that they were actually suitable for visual meat inspection (partial 337 condemnation rate 1.4-3.8%, organ condemnation rate 0.0-3.5 %. 338 339 A total of 64 batches (Table 3) were scored with one point. An analysis of the meat inspection 340 reports of these batches show that the majority of these batches were suitable for visual meat 341 inspection. However, five of the batches could not be regarded as only suitable for visual 342 meat inspection because of a high rate of partial condemnations (9-13%), and these could not 343 have been detected beforehand with the suggested scoring system. The FCI on these five 344 batches revealed that in only two the pigs had been treated with veterinary medicinal products 345 within the three months prior to slaughter, and their historical meat inspection data and 346 mortality rates during fattening did not markedly differ from the mean. The result indicates 347 that the available prior information was insufficient to discriminate all the relevant batches 348 beforehand. 349
350
Thirteen batches (Table 3) The sensitivity of the scoring system to identify the batches that were unsuitable for visual 370 meat inspection was 55% (95 % confidence interval: 28-79 %). Specificity to identify batches 371 suitable for visual meat inspection was 91% (CI95: 82-95 %). The accuracy of identifying the 372 batches unsuitable for visual meat inspection was 86% (CI95: 77-92 %). 373 374
DISCUSSION 375
The main purpose of the FCI is that the pig producer declares that there are no restrictions to 376 normal slaughter regarding public health, animal health or animal welfare issues. By the FCI 377 form, certain disease symptoms must be declared to provide potentially important and useful 378 information to the OV who might then decide on additional inspection procedures and also to 379 the slaughterhouse that processes the pigs. At present, the information obtained in the Finnish 380
FCIs is not accurate enough for its purpose and more guidance for farmers is needed to 381 improve and unify their reporting procedures. For instance, the farmers report some 382 inaccurate information due to the time-lag between sending the FCI form and the delivery of 383 pigs for slaughter. This is because some farmers submit the FCI form at the same time as they 384 announce their intention to send pigs for slaughter and they usually do not review the FCI 385 before the actual delivery of pigs (Nieminen, 2015) . The farmers also found it difficult to 386 assess the number of animals in the finishing batch with specific symptoms (Nieminen, 2015) . 387 Such information is essential for conditions as abscesses or tail biting. Another recent study in 388 which a questionnaire was sent to the OVs, official auxiliaries, slaughterhouse representatives 389 and the central authorities in Finland, found that the respondents experienced serious 390 problems in receiving accurate FCIs (Luukkanen et al., 2015) . Nonetheless, the Finnish 391 farmers seem to regard FCI with high motivation. In response to a recent non-peer reviewed 392 questionnaire, Finnish farmers (n=153) opined that the currently used FCI improves food 393 safety and prevents animal diseases (Nieminen, 2015) . 394
395
In this study we explored the prior information given currently by the Finnish FCI, associated 396 it with meat inspection results, and studied their potential as valuable information at the time 397 of slaughter. As a result, well-chosen signs such as cough, with proper guidelines for 398 reporting were shown as a useful contribution to the FCI in order to allocate pigs for visual 399 meat inspection. In addition, the FCI could be used to assess the likelihood of condemnation 400 in meat inspection. 401
402
We expected to find differences between those pig-batches for which some FCI information 403 was declared compared to those pig-batches for which nothing was declared on. Surprisingly, 404 405 declare. However, information in FCIs about constant coughing during the three months prior 406 to slaughter seems to be an important predictor, as those batches with declared cough had 407 higher partial condemnation and arthritis rates. Condemnations had not resulted from higher 408 pneumonia rates as one might assume. Pleuritis rates were slightly, but not significantly 409 higher for batches with declared cough. It should be noted that coughing was rare among the 410 studied batches, which might have overall affected the result. In 
CONCLUSIONS 515
This study found that meat inspection results of currently slaughtered batches are best 516 predicted by previous meat inspection results of pigs from the same holding. Regarding the 517 current FCI reports, declaration for constant coughing within the three months prior to 518 slaughter, revealed as the most relevant sign to predict meat inspection results. To facilitate 519 the allocation of pigs for visual inspection, historical meat inspection results of pigs from the 520 same holding and well-chosen symptoms and signs with proper guidelines for reporting 521 should be included in the FCI. These results show that pre-scoring of incoming slaughter 522 batches can improve the FCI system and may be applicable also at EU level. A simple scoring 523 system was introduced that can be easily used as additional information to direct batches to 524 the appropriate meat inspection procedures. Our scoring system can be further improved after 525 reliability and uniformity of the FCI data are achieved. The FCI is an important part of the 526 modern food safety assurance system, and it is the tool to inform the slaughterhouse on any 527 condition at the holding or of the pigs that could compromise food safety or animal health. 528
Most of the zoonoses relevant to pig meat safety appear as latent infections, and since the 529 animals are asymptomatic the current FCI is not providing any useful information to control 530 these biological hazards. To detect the pigs affected by zoonoses relevant for food safety, the 531 FCI should also include surveillance information such as serological monitoring profiles of 532 pigs raised on the same holdings (Felin et al., 2015 
